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$P$
$C$ $H$ $T:Carrow H$ $T$
(nonexpansive)
$\Vert Tx-Ty\Vert\leq\Vert x-y\Vert (\forall x,y\in C)$ (1.1)
$T$ (firmly nonexpansive) [7, 8]






1.1 ([5, 6, 18, 19]). $H$ $C$
$T$
$\mathbb{R}^{2}$ 1.1 $x\in C$
$\{T^{n}x\}$ $T$ $T$
$T$
1.2 ([12, 15]). $H$ $C$
$T$ x $\in C$ $\{T^{n}x\}$ $T$









$X^{*}$ $\Vert\cdot\Vert$ $I$ $S_{X}$ $X$ $\{x\in X;\Vert x\Vert=1\}$
$X$ $\{x_{n}\}$ x $\in X$ $x_{n}arrow x$
$x_{n}arrow x$ $x^{*}\in X^{*}$ $x\in X$ $x^{*}(x)$ $x,x^{*}\rangle$
$X$ $X^{*}$ $J$
$J(x)=\{x^{*}\in X^{*}:\langle x,x^{*}\rangle=\Vert x\Vert^{2}=\Vert x^{*}\Vert^{2}\} (\forall x\in X)$
$X$ $x*$ Hahn-Banach
$x\in X$ $J(x)$ $x\in X$ $J(x)$
$X$ $b^{i}$ , $J:Xarrow x*$ $X$
$J=I$ $X$ $\Vert(x+y)/2\Vert<1$
$x,$ $y\in S_{X}$ $X$
$\epsilon\in(0,2]$ $\delta>0$
$x,y \in S_{X}, \Vert x-y\Vert\geq\epsilon\Rightarrow\Vert\frac{x+y}{2}\Vert\leq 1-\delta$ (2.1)
$X$ $X$ $X$








x $\in X$ $\hat{x}\in C$ $\Vert\hat{x}-x\Vert=\min_{y\in C}\Vert y-x\Vert$
$P_{C}(x)=\hat{x}(\forall x\in X)$ (2.2)
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$P_{C}:Xarrow C$ $P_{C}$ $X$ $C$
$x\in X$ $P_{C}(x)$ $C$ $x$
$x\in X$ $z\in C$




$p\in C$ $T$ [16] $C$ $\{z_{n}\}$ $z_{n}arrow p$
$z_{n}-Tz_{n}arrow 0$ $T$
$\hat{F}(T)$ $F(T)\subset\hat{F}(T)$
$T:Carrow X$ $T$ $P$ [2]
$\langle Tx-Ty, J(x-Tx)-J(y-Ty)\rangle\geq 0 (\forall x, y\in C)$ (2.5)
$P$ (cf. [1-3]).
$\bullet$ $X$ $T$ $P$ $T$
$\bullet$ $P_{C}$ $X$ $P$ $F(P_{C})=C$
$\bullet$ $f:Xarrow(-\infty, +\infty]$ proper $\lambda>0$
$J_{\lambda}(x)= \arg\min_{y\in X}\{f(y)+\frac{1}{2\lambda}\Vert y-x\Vert^{2}\} (\forall x\in X)$ (2.6)
$J_{\lambda}$ $X$ $P$ $F(J_{\lambda})$ $f$
$\arg\min_{y\in X}f(y)$
$\bullet$ $A:Xarrow 2^{X}$ $\lambda>0$
$J_{\lambda}(x)=(I+\lambda J^{-1}A)^{-1}(x) (\forall x\in X)$ (2.7)








3.1 ([3]). $T:Carrow X$ $P$
(1) $F(T)$
(2) $F(T)=F(T)$
(3) $\lambda\in[0,1]$ $U=\lambda I+(1-\lambda)T$ $U:Carrow X$ $P$
$\{T_{n}\}$ $C$ $X$
$F= \bigcap_{n=1}^{\infty}F(T_{n})$
$\bullet$ $\{T_{n}\}$ (Zl) $\{z_{n}\}$ $C$
$z_{n}-T_{n}z_{n}arrow 0$ (3.1)
$\{z_{n}\}$ $F$
$\bullet$ $\{T_{n}\}$ (Z2) $\{z_{n}\}$ $C$
$z_{n}-T_{n}z_{n}arrow 0$ $z_{n}-z_{n+1}arrow 0$ (3.2)
$\{z_{n}\}$ $F$
(Zl) $\{T_{n}\}$ (Z2) $\{T_{n}\}$
$T:Carrow X$ $T_{n}=T(\forall n\in \mathbb{N})$ $\{T_{n}\}$ (Zl)
$F(T)=F(T)$ 3.1 (2)
3.2 ([3]). $T:Carrow X$ $P$ $F(T)$
$T_{n}=T(\forall n\in \mathbb{N})$ $\{T_{n}\}$ (Zl)
$\{T_{n}\}$ (Zl) (Z2) $T_{n}$ $I$
3. $3([3])$ . $\{T_{n}\}$ $C$ $X$ $F= \bigcap_{n=1}^{\infty}F(T_{n})$
$\{\alpha_{n}\}$ $\sup_{n}\alpha_{n}<1$ $U_{n}=\alpha_{n^{I}}+(1-\alpha_{n})T_{n}(\forall n\in \mathbb{N})$
$C$ $X$ $\{U_{n}\}$
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(1) $\{T_{n}\}$ (Zl) $\{U_{n}\}$ (Zl)
(2) $\{T_{n}\}$ (Z2) $\{U_{n}\}$ (Z2)
(Zl) (Z2)
3.$4([3])$ . $A;Xarrow 2^{X^{*}}$ $A^{-1}(0)$ $\{\lambda_{n}\}$
$inf_{n}\lambda_{n}>0$ $J_{\lambda_{n}}=(I+\lambda_{n}J^{-1}A)^{-1}(\forall n\in \mathbb{N})$
$X$ $\{J_{\lambda_{n}}\}$ (Zl)
3.5 ([3]). $C_{1},$ $C_{2},$ $\ldots,$ $C_{N}$ $X$ $\bigcap_{k=1}^{N}C_{k}$
$I=\{1,2, \ldots, N\}$ $k\in I$ $P_{k}$ $X$ $C_{k}$
$r:\mathbb{N}arrow I$




4.1 $([3])$ . $X$ $\{M_{n}\}$ $\{N_{n}\}$ $X$
$x\in X$ $\{x_{n}\}$ $X$
(1) $n\in \mathbb{N}$ $x_{n=P_{N_{n}}}(x),$ $x_{n+1}=P_{M_{n}}(x),$ $x_{n+1}\in N_{n}$
(2) $\bigcap_{n=1}^{\infty}M_{n}$







4.2 ([3]). $X$ $C$ $X$
$\{T_{n}\}$ $C$ $P$ $F= \bigcap_{n=1}^{\infty}F(T_{n})$
$\{T_{n}\}$ (Z2) $C$ $\{x_{n}\}$ $x_{1}=x\in C,$
$\{\begin{array}{ll}C_{n}=\{z\in C:\langle z-T_{n}x_{n}, J(x_{n}-T_{n}x_{n})\rangle\leq 0\}; D_{n}=\{z\in C:\langle z-x_{n}, J(x-x_{n})\rangle\leq 0\}; x_{n+1}=P_{C_{n}\cap D_{n}}(x) (n=1,2, \ldots)\end{array}$ (4.1)
$\{x_{n}\}$ $P_{F}(x)$
3.1 (1) $F$ $X$
$\{x_{n}\}$ well-defined $F\subset C_{n}\cap D_{n}$
$(\forall n\in \mathbb{N})$
$M_{n}=C_{n}\cap D_{n}$ $N_{n}=D_{n}(\forall n\in \mathbb{N})$ $X$ $\{M_{n}\}$









4. $3([3])$ . $X,$ $C,$ $\{T_{n}\},$ $F$ 4.2 $C$ $\{x_{n}\}$ $x_{1}=x\in$
$C=C_{0},$




$\{x_{n}\}$ well-defined $F\subset C_{n}(\forall n\in \mathbb{N})$
$M_{n}=C_{n}$ $N_{n}=C_{n-1}(\forall n\in \mathbb{N})$ $X$ $\{M_{n}\}$




$D_{n}=\{z\in C:\langle z-T_{n}x_{n}, J(x_{n}-T_{n}x_{n})\rangle\leq 0\} (\forall n\in \mathbb{N})$ (4.4)
$X$ $\{D_{n}\}$






5.1 ([3]). $X$ $C$ $X$
$T;Carrow C$ $P$ $F(T)$ $\{\alpha_{n}\}$ $[0,1)$
$\sup_{n}\alpha_{n}<1$ $C$ $\{x_{n}\}$ $x_{1}=x\in C,$
$\{\begin{array}{ll}y_{n}=\alpha_{n}x_{n}+(1-\alpha_{n})Tx_{n}; C_{n}=\{z\in C:\langle z-y_{n}, J(x_{n}-y_{n})\rangle\leq 0\}; D_{n}=\{z\in C:\langle z-x_{n}, J(x-x_{n})\rangle\leq 0\}; x_{n+1}=P_{C_{n}\cap D_{n}}(x) (n=1,2, \ldots)\end{array}$ (5.1)
$\{x_{n}\}$ $P_{F(T)}(x)$
$C$ $\{T_{n}\}$
$T_{n}=\alpha_{n}I+(1-\alpha_{n})T (\forall n\in \mathbb{N})$ (5.2)
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3.1 (3) $T_{n}$ $P$ $\alpha_{n}\neq 1$
$F(T_{n})=F(T)$ $\bigcap_{n=1}^{\infty}F(T_{n})=F(T)\neq\emptyset$
3.2 $\{T, T, \ldots\}$ (Zl) 3.3 (1)
$\sup_{n}\alpha_{n}<1$ $\{T_{n}\}$ (Zl) 4.2
3.1,3.2,3.3, 4.3
5.2 $([3])$ . $X,$ $C,$ $T,$ $\{\alpha_{n}\}$ 5.1 $C$ $\{x_{n}\}$ $X_{1}=X\in C=$
$C_{0},$
$\{\begin{array}{ll}y_{n}=\alpha_{n}x_{n}+(1-\alpha_{n})Tx_{n}; C_{n}=\{z\in C:\langle z-y_{n}, J(x_{n}-y_{n})\rangle\leq 0\}\cap C_{n-1}; x_{n+1}=P_{C_{n}}(x) (n=1,2, \ldots)\end{array}$ (5.3)
$\{x_{n}\}$ $P_{F(T)}(x)$
5. $3([13])$ . $X$ $A:Xarrow 2^{X^{*}}$
$A^{-1}(0)$ $\{\lambda_{n}\}$ $inf_{n}\lambda_{n}>0$ $\{\alpha_{n}\}$
$[0,1)$ $\sup_{n}\alpha_{n}<1$ $\{J_{\lambda_{n}}\}$
$J_{\lambda_{n}}=(I+\lambda_{n}J^{-1}A)^{-1} (\forall n\in \mathbb{N})$ (5.4)
$X$ $X$ $\{x_{n}\}$ $x_{1}=x\in X,$
$\{\begin{array}{ll}y_{n}=\alpha_{n}x_{n}+(1-\alpha_{n})J_{\lambda_{n}}x_{n}; C_{n}=\{z\in X:\langle z-y_{n}, J(x_{n}-y_{n})\rangle\leq 0\}; D_{n}=\{z\in X:\langle z-x_{n}, J(x-x_{n})\rangle\leq 0\}; x_{n+1}=P_{C_{n}\cap D_{n}}(x) (n=1,2, \ldots)\end{array}$ (5.5)
$\{x_{n}\}$ $P_{A(0)}-1(X)$
$J_{\lambda_{n}}$ $X$ $P$ $F(J_{\lambda_{n}})=A^{-1}(0)$
$X$ $\{T_{n}\}$
$T_{n}=\alpha_{n}I+(1-\alpha_{n})J_{\lambda_{n}} (\forall n\in \mathbb{N})$ (5.6)
3.1 (3) $T_{n}$ $P$ $\alpha_{n}\neq 1$
$F(T_{n})=F(J_{\lambda_{n}})$ $\bigcap_{n=1}^{\infty}F(T_{n})=A^{-1}(0)\neq\emptyset$
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3.4 $inf_{n}\lambda_{n}>0$ $\{J_{\lambda_{n}}\}$ $(Z1)$ 3.3
(1) $\sup_{n}\alpha_{n}<1$ $\{T_{n}\}$ (Zl) 4.2
3.1,3.3,3.4, 4.3
5.4 ([3]). $X,$ $A,$ $\{\lambda_{n}\},$ $\{\alpha_{n}\},$ $\{J_{\lambda_{n}}\}$ 5.3 $X$ $\{x_{n}\}$
$x_{1}=x\in X=C_{0},$
$\{\begin{array}{ll}y_{n}=\alpha_{n}x_{n}+(1-\alpha_{n})J_{\lambda_{n}}x_{n}; C_{n}=\{z\in X:\langle z-y_{n}, J(x_{n}-y_{n})\rangle\leq 0\}\cap C_{n-1}; x_{n+1}=P_{C_{n}}(x) (n=1,2, \ldots)\end{array}$ (5.7)
$\{x_{n}\}$ $P_{A(0)}-1(x)$
6
6.1 ( ). $C$ $X$
$f:Xarrow \mathbb{R}$
$F= \{u\in C:f(u)=\inf f(C)\}$ (6.1)
$F$
5.4 6.1
6.2 $([3])$ . $X,$ $C,$ $f,$ $F$ 6.1 $\{\lambda_{n}\}$ $inf_{n}\lambda_{n}>0$
$\{\alpha_{n}\}$ $[0,1)$ $\sup_{n}\alpha_{n}<1$ $\{J_{\lambda_{n}}\}$
$J_{\lambda_{n}}(x)= \arg\min_{y\in C}\{f(y)+\frac{1}{2\lambda_{n}}\Vert y-x\Vert^{2}\} (\forall n\in \mathbb{N}, x\in X)$ (6.2)
$X$ $X$ $\{x_{n}\}$ $x_{1}=x\in X=$
$C_{0},$
$\{\begin{array}{ll}y_{n}=\alpha_{n}x_{n}+(1-\alpha_{n})J_{\lambda_{n}}x_{n}; C_{n}=\{z\in X:\langle z-y_{n}, J(x_{n}-y_{n})\rangle\leq 0\}\cap C_{n-1}; x_{n+1}=P_{C_{n}}(x) (n=1,2, \ldots)\end{array}$ (6.3)
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$\{x_{n}\}$ $P_{F}(x)$







6.4 ([3]). $X,$ $C_{1},$ $C_{2},$ $\ldots,$ $C_{N},$ $F$ 6.3 $I=\{1,2, \ldots, N\}$
$k\in I$ $P_{k}$ $X$ $C_{k}$ $r:\mathbb{N}arrow I$
(3.3) $X$ $\{x$ $x_{1}=x\in X,$
$\{\begin{array}{ll}C_{n}=\{z\in X:\langle z-P_{r(n)}x_{n}, J(x_{n}-P_{r(n)}x_{n})\rangle\leq 0\}; D_{n}=\{z\in X:\langle z-x_{n}, J(x-x_{n})\rangle\leq 0\}; x_{n+1}=P_{C_{n}\cap D_{n}}(x) (n=1,2, \ldots)\end{array}$ (6.5)
$\{x_{n}\}$ $P_{F}(x)$
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